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Description 

TECHNICAL FIELD 

The present invention relates to an electric motor 
having means for cooling a stator, and more particularly 
to an electric motor having means for cooling windings 
arranged within slots of the stator by absorbing the heat 
generated by the windings, and thus removing heat gen- 
erated in the stator. 

BACKGROUND ART 

Conventionally, various cooling structures for an 
electric motor are used, such as a structure in which 
heat generated in a stator is absorbed through a stator 
core, or a structure in which heat generated In a rotor is 
absorbed through a rotating shaft. 

US-A-4,2 13,746 discloses a pump for a central 
heating system having a tubular housing and an electric 
motor in which the peripheral cavities defined between 
windings and two cup-shaped members are filled with 
a curable filler such as a epoxy resin to reduce the effect 
of small movement of the laminations or the windings. 
Although, this filler thermally connects the windings to 
the cup-shaped members, it did not have such a heat 
conductivity to obtain a substantial cooling effect for the 
windings. 

EP-A-0 321 582 further discloses a method of ap- 
plying a synthetic resin which is coated on a stator core 
and windings. However, this synthetic resin also does 
not have a heat conductivity to obtain an effective cool- 
ing of the windings. 

A heat-absorbing, cooling structure for a stator is 
known, in that an outer casing is fixed in close contact 
with an outer surface of a stator core surrounding a rotor, 
passages for a cooling medium are formed in the outer 
casing, and the heat generated by the stator core is ab- 
sorbed by the cooling medium. A structure is also 
known, in that cooling medium passages are directly 
formed within a stator core, so as to improve the cooling 
effect (see, e.g., Japanese Unexamined Patent Publi- 
cation (Kokai) No. 2-263743). 

According to the above-mentioned cooling struc- 
tures, it is possible to cool the stator of an electric motor 
by absorbing the heat generated mainly by the stator 
core. However, the heat generation in a stator is not only 
caused by iron loss but also by the copper loss in the 
windings arranged in the stator core. By effectively ab- 
sorbing the heat generated by the copper loss and thus 
cooling the windings, a fluctuation in motor power, due 
to the change of winding resistance, is prevented, and 
the reliability of an electric motor is improved. However, 
the above-mentioned conventional cooling structure 
cannot directly absorb the heat generated from the 
windings. Therefore, the heat of the windings is partially 
transmitted and absorbed through the stator core, but is 
mostly emitted from the coil-ends of the windings, which 



project from the axial end faces of the stator core, into 
the atmosphere. Thus, in the conventional cooling struc- 
ture, it is difficult to obtain a substantia! cooling effect for 
the windings. 

5 

DISCLOSURE OF THE INVENTION 

The object of the present invention is to provide an 
electric motor having cooling means that can effectively 
10 cool a stator by absorbing the heat generated by a stator 
core due to iron loss and the heat generated by the wind- 
ings arranged in the stator core due to copper loss, and 
thus can improve the performance of the electric motor 
To accomplish the above object, the present inven- 
15 tion provides an electric motor having means for cooling 
a stator, comprising front and rear housing members; 

a stator fixed axially between said front and rear 
housing members, and including a generally cylin- 
20 drical laminated stator core having a plurality of 
slots at inner periphery of said core, and a plurality 
of windings arranged in each slot of said laminated 
stator core; 

a rotor arranged inside said stator in a rotatable 

25 manner; 

a cooling medium circuit formed in said housing 
members and said laminated stator core, and con- 
tinuously extending along at least an axial entire 
length of said laminated stator core and a length of 

30 coil-ends of said windings projecting from axial both 
ends of said laminated stator core; 
a heat-transfer member formed from a composite 
heat-conductive resinous material that is made by 
mixing a heat-resistant resin with a highly heat-con- 

3S ductive, electrically-insulative granular material, 
said heat-transfer member covering said windings, 
and coming into contact with inner surfaces of said 
slots of said laminated stator core and said housing 
members. 

40 

According to the preferred embodiment of the 
present invention, the heat -transfer member may be 
molded by a process in that the composite heat -conduc- 
tive resinous material is poured into spaces defined be- 

45 tween the windings and the inner surfaces of the slots 
of the laminated stator core and the housing in a molten 
state, and then the composite heat-conductive resinous 
material is set. Alternatively, the heat-transfer member 
may be formed from composite heat-conductive resin- 

50 ous material which is molded by a process in that the 
granular materials are filled into spaces defined be- 
tween the windings and the inner surfaces of the slots 
of the laminated stator core and of the housing, the heat- 
resistant resin is poured, in a molten state, onto the 

55 granular materials, and then the resin is set. Further, it 
is preferred that the granular materials mixed into the 
composite heat-conductive resinous material of the 
heat-transfer member comprise aluminum oxide gran- 



2 



EP581966 [flle://G:\FL OATERS \acii e triGh\Rf ujier\0a75Y - Q0Q43 1CPA\EP581966. c pcl 



EP 0 581 966 B1 



3 

ules. It is also preferred that the housing comprises a 
pair of housing members that support the laminated sta- 
tor core axial ly therebetween, and that the cooling me- 
dium circuit is formed in the laminated stator core and 
the housing members, and continuously extends along 5 
the axial entire length of the laminated stator core and 
a projecting length of the coil-ends of the windings. 

Heat generated, due to copper loss, by the windings 
arranged on the laminated stator core is transmitted to 
the heat-transfer member covering the windings. The 
heat-transfer member made of composite heat -conduc- 
tive resinous material effectively transfers the heat to the 
laminated stator core and the housing. The heat trans- 
ferred to the laminated stator core and the housing , is 
absorbed by the cooling medium passing through the 
cooling medium circuit. At the same time, heat generat- 
ed due to iron loss from the laminated stator core is also 
absorbed by the cooling medium passing through the 
cooling medium circuit. Therefore, heat generated by 
the windings and the laminated stator core Is efficiently 
absorbed by the cooling medium, and thus the stator is 
effectively cooled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and the other objects, features, and 
advantages of the present invention will be described 
with relation to the embodiments shown in the accom- 
panying drawings, in which; 

Fig. 1 is a vertical sectional view of an electric motor 
having means for cooling a stator, according to an 
embodiment of the present invention, taken along 
line l-l of Fig. 2; 

Fig. 2 is a plan view of a thin-piate core member 
which constructs a laminated stator core of the mo- 
tor shown in Fig. 1 ; and 

Figs. 3a and 3b illustrate a process for molding a 
heat-transfer member of the motor shown in Fig. 1 , 
by sectional views of the laminated stator core of 
the motor of Fig. 1, taken along line ll-ll of Fig. 2. 

BEST MODE OF CARRYING OUT THE INVENTION 

Referring to the drawings. Figure 1 shows a sec- 
tional view of an electric motor having means for cooling 
a stator, according to the embodiment of the present in- 
vention. The motor includes a rotor 10 arranged inside 
the motor and a stator 1 8 arranged at the outer periphery 
of the motor; the rotor 1 0 integrally having a rotating 
shaft 12; and the stator 18 having a laminated stator 
core 14 surrounding the rotor 10 with a predetermined 
space, and a plurality of windings 16 wound on the lam- 
inated stator core 1 4. A front housing 20 and a rear 
housing 22 are arranged at the axial front and rear ends 
of the motor, respectively, for carrying the rotating shaft 
12 of the rotor 10, and for supporting the laminated sta- 
tor core 1 4 between the front and rear housings. The 



front housing 20 is provided with a bearing 24 at a center 
opening 20a, for rotatably supporting the rotating shaft 
12 integrated into the rotor 10. The rear housing 22 in- 
cludes an annular member 22a and a cap member 22b 
closely fitted with the annular member 22a, and is also 
provided with a bearing 24 at a center opening 22c 
formed inside the cap member 22b, so as to rotatably 
support the rotating shaft 12 of the rotor 10. 

The laminated stator core 14 is formed by stacking 
a plurality of thin-plate cores 26 of a silicon steel plate, 
as shown in Fig. 2, In an axial direction of the motor. The 
thin-plate core 26 is provided with an opening 26a at a 
center thereof for surrounding the rotor 1 0, and a plural- 
ity of slot holes 28a at a periphery of the opening 26a. 
The laminated stator core 1 4 is constructed so as to seal 
small gaps between the adjacent thin -plate cores 26, by 
stacking thin-plate cores 26 that are previously applied 
with a thermosetting adhesive onto both sides thereof, 
or by vacuum-impregnating a thermosetting resin into 
stacked thin-plate cores 26 and suitably heating the res- 
in and cores. A plurality of slots 28 (see Fig. 3a) are 
formed by stacking the thin-plate cores 26 so as to com- 
municate the slot holes 28a. and the windings 16 are 
disposed within the respective slots 28. 

As shown in Fig. 2, each of the thin-plate cores 26 
forming the laminated stator core 14 is provided with a 
plurality of cooling liquid passage holes 30a at four cor- 
ners thereof, so as to define a cooling liquid circuit for 
cooling the stator 18. The cooling liquid passage holes 
30a are communicated by stacking the thin-plate cores 
26, and define cooling liquid passages 30 (Fig. 1) ex- 
tending axially in the laminated stator core 1 4. As shown 
in Fig. 1, the front housing 20 supporting the laminated 
stator core 14 is provided with connecting passages 32 
for cooling liquid at positions corresponding to the cool- 
ing liquid passages 30, and the rear housing 22 is pro- 
vided with connecting passages 34 for cooling liquid in 
the same manner Further, the laminated stator core 14, 
the front housing 20, and the rear housing 22 are fixed 
together by a plurality of tie-bolts (not shown). Fig. 2 
shows bolt holes 36 for tie-bolts. 

The connecting passages 32, 34 of the front and 
rear housings 20, 22 connect the cooling liquid passag- 
es 30, being arranged at four corners of the laminated 
stator core 14, to one another in the respective housing 
20, 22. Further, the rear housing 22 is provided with an 
inlet and an outlet of cooling liquid (one 34a of which is 
shown in Fig. 1) connected to an external cooling liquid 
feed source. The cooling liquid is introduced into the 
cooling liquid passages 30 of the laminated stator core 
14 through the inlet, and is discharged from the cooling 
liquid passages 30 through the outlet. In this manner, a 
continuous cooling liquid circuit is defined from the cool- 
ing liquid inlet through the cooling liquid passages 30 
and connecting passages 32, 34 to the cooling liquid 
outlet. Furthermore, as shown in Fig. 1, known O-rings 
38 are disposed at junctions between the cooling liquid 
passages 30 of the laminated stator core 14 and the 
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connecting passages 32, 34 of the front and rear hous- 
ings 20, 22, so as to ensure sealing of the junctions. 

The windings 16 wound on the laminated stator 
core 1 4 are covered over substantially the entire surfac- 
es thereof, i.e., the surfaces of portions arranged in the s 
slots 28 and of coil-ends 40 projecting from axial end 
faces of the laminated stator core 1 4, with heat-transfer 
members 42 that are made of the composite heat-con- 
ductive resinous material mentioned below. The com- 
posite heat-conductive resinous material is formed by 
mixing a highly heat-resistant, moldable resin, such as 
epoxy resin, with highly heat-conductive, electrically-in- 
sulative granular materials, such as aluminum oxide 
granules, as fillers. The composite heat-conductive res- 
inous material is poured, in a molten state, into each 
space defined between the windings 16 and the inner 
surfaces of the slots 28 of the laminated stator core 14, 
and between the windings 16 and the inner surfaces of 
the front and rear housings 20, 22. Then, the composite 
heat-conductive resinous material is cold-set or thermo- 
set, thereby the heat-transfer members 42 are formed 
so as to surround the windings 1 6 and to fill each space 
mentioned above. The heat-transfer members 42 ther- 
mally connect the windings 16 to the inner surfaces of 
the slots 28, and the windings 16 to the inner surfaces 
of the front and rear housings 20, 22. Consequently, 
heat generated by the windings 16 is effectively trans- 
ferred, through the heat-transfer members 42 made of 
composite heat-conductive resinous material, to the 
laminated stator core 14, the front housing 20, and the 
rear housing 22. The laminated stator core 14, the front 
housing 20, and the rear housing 22 are provided with 
the cooling liquid passages 30, the connecting passag- 
es 32, and the connecting passages 34, respectively, 
over the axial entire length of the windings 1 6, therefore 
the heat transferred to the laminated stator core 1 4 and 
the front and rear housings 20. 22 is effectively ab- 
sorbed by the cooling liquid that passes through the 
cooling liquid passages 30 and the connecting passag- 
es 32, 34. 

The process for molding the heat -transfer members 
42 from composite heat-conductive resinous material is 
described below, with reference to Figs. 3a and 3b. First, 
the laminated stator core 1 4 is formed by stacking a plu- 
rality of thin-plate cores 26, and the stator 18 is con- 
structed by arranging the windings 16 in the slots 28 of 
the laminated stator core 14. The stator 18 constructed 
in this manner is mounted between a pair of molds 44, 
46, as shown in Fig. 3a, and is arranged on a work table 
(not shown) while vertically orienting the axis of the sta- 
tor 18. The upper mold 46 is provided with a plurality of 
gates 48. Cores 50, 52, 54 are disposed at position in 
the center bore of the stator 18 for arranging the rotor 
10 and at axial front and rear positions of the center 
bore, the resinous material being not pored into these 
positions. In this state, the composite heat-conductive 
resinous material 56 containing the filler is poured, in a 
molten state, into the gate 48 of the upper mold 46, and 
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flows downward, by gravity, through gaps between the 
slots 28 of the laminated stator core 1 4 and the windings 
16 to the lower mold 44. During this process, the other 
gate 48 acts as air vent. In this manner, the composite 
heat-conductive resinous material 56 is poured succes- 
sively into an annular cavity 56 defined between the low- 
er mold 44 and the core 50, gaps 60 between the slots 
28 as well as the core 52 and the windings 16, and an 
annular cavity 62 defined between the upper mold 46 
and the core 54. Then, the composite heat-conductive 
resinous material 56 is suitably cold-set or thermo-set, 
and thus the heat-transfer member 42 is formed through 
the gaps 60 and the cavities 58, 62 (see Fig. 3b). 

When the composite heat-conductive resinous ma- 
terial 56 cannot be sufficiently poured into the gaps and 
the cavities in the above method because of narrow 
spaces between the slots 28 of the laminated stator core 
14 and the windings 16, e.g., particularly in the case of 
small sized motor, it is possible to separately pour the 
resin material and the filler of the composite heat-con- 
ductive resinous material 56. That is, only grained fillers 
of, e.g., aluminum oxide are put in each of the lower cav- 
ity 58, the gaps 60 between the slots 28 and the wind- 
ings 16, and the upper cavity 62, and after that, an easily 
moldable resin such as epoxy resin is poured into each 
cavity or gap. According to this method, it becomes pos- 
sible to pour the composite heat-conductive resinous 
material 56 into narrow spaces, and to improve the filler 
content. 

The motor shown In Fig. 1 is constructed by insert- 
ing the rotor 1 0 into and fixing the front and rear hous- 
ings 20, 22 to the stator 18, which is provided with the 
heat-transfer members 42 surrounding the windings 16 
at the axial front and rear ends of the laminated stator 
core 14 and in the slots 28 thereof. In this respect, it is 
necessary to improve the molding accuracy of the heat- 
transfer member 42 so that the heat-transfer members 
42 are brought into close contact with the inner surfaces 
of the front and rear housings 20, 22. To this end, it is 
also preferred that the above-mentioned second meth- 
od is adopted. 

Furthermore, because the windings 16 are covered 
with the heat-transfer members 42, the risk of substanc- 
es entering the motor from the outside and adhering to 
the coil-ends 40, so as to cause a damage such as a 
short circuit, is eliminated. 

In the above embodiment, a cooling medium for 
cooling the laminated stator core 14 and the windings 
16 is described as a cooling liquid, but of course the 
present invention may be applied for a gas-cooled elec- 
tric motor using a cooling gas. Also, the present inven- 
tion may be applied for a cooling structure in which a 
cooling medium circuit is formed in an outer housing 
fixed in close contact with the outer periphery of a lam- 
inated stator core. 
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Industrial Applicability 

The present invention has a construction in which 
a cooling mediunn circuit is formed in the housing and/ 
or the laminated stator core of an electric motor so as 
to extend over the entire length of the laminated stator 
core and the projecting length of the coil-ends of the 
windings arranged on the laminated stator core, and 
heat-transfer members, being molded from composite 
heat-conductive resinous material, are arranged in 
spaces between the windings and the inner surfaces of 
slots and the housing so as to cover the windings and 
to thermally connect the windings with the laminated 
stator core and the housing, thereby heat generated by 
the windings passes through the heat-transfer mem- 
bers, the laminated stator core, and the housing, and is 
absorbed by cooling medium passing through the cir- 
cuit. Therefore, heat generated by the windings and the 
laminated stator core is efficiently absorbed by the cool- 
ing medium, and the stator is more effectively cooled, 
so that the heat loss of an electric motor is reduced and 
the performance thereof is improved. 



Claims 

1 . An electric motor having means for cooling a stator 
(18), comprising: 

front and rear housing members (20,22) 
a stator (18) fixed axially between said front and 
rear housing members, and including a gener- 
ally cylindrical laminated stator core (14) hav- 
ing a plurality of slots (28) at inner periphery of 
said core (14), and a plurality of windings (16) 
arranged in each slot (28) of said laminated sta- 
tor core (14); 

a rotor (10) arranged inside said stator (18) in 
a rotatable manner; 

a cooling medium circuit formed In said housing 
members (20, 22) and said laminated stator 
core (14), and continuously extending along at 
least an axial entire length of said laminated 
stator core (14) and a length of coil-ends (40) 
of said windings (16) projecting from axial both 
ends of said laminated stator core (14); 
a heat-transfer member (42) formed from a 
composite heat-conductive resinous material 
(56) that is made by mixing a heat-resistant res- 
in with a highly heat -conductive, electrical ly-in- 
sulative granular material, said heat-transfer 
member (42) covering said windings (16), and 
coming into contact with inner surfaces of said 
slots (28) of said laminated stator core (14) and 
said housing members (20, 22). 

2. An electric motor as set forth in claim 1, wherein 
said granular materials mixed into said composite 
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heat-conductive resinous material (56) of said heat- 
transfer member (42) comprise aluminum oxide 
granules. 

5 

Patentanspruche 

1. Elektromotor mit einem Mitte! zum Kflhlen eines 
Stators (18), umfassend: 

10 

vordere und hintere Gehauseelemente (20, 
22); 

einen zwischen den vorderen und hinteren Ge- 
^5 hauseelementen axial befestigten Stator (18), 

der einen im wesentlichen zylindrisch laminier- 
ten Statorkern (14) mit einer Mehrzahl von 
Schlitzen (28) an seiner inneren Peripherie und 
einer Mehrzahl von Windungen (16), die in je- 
20 dem Schlitz (28) des laminierten Statorkerns 

(14) angeordnet sind, aufweist; 

einen Rotor (10), der innerhalb des Stators (IB) 
drehbar angeordnet ist; 

einen Kuhlmediumkreislauf, der in den Gehau- 
seelementen (20, 22) und dem laminierten Sta- 
torkern (14) ausgebildet ist und sich durchgan- 
gig uber wenlgstens eine vollstandige axiale 
30 Lange des Statorkerns (1 4) und uber eine Lan- 

ge der Spulenenden (40) der Windungen (16) 
erstreckt, die uber die beiden Enden des lami- 
nierten Statorkerns (14) vorspringen; 

35 ein Warmeubertragungselement (42), das aus 

einem warmeleitenden Verbund-Harzmaterial 
(56) gebildet ist, welches durch Mischen eines 
warmeunempfindlichen Harzes mit einem 
hoch-warmeleitenden, elektrisch nicht leiten- 
40 den Granulatmaterlal hergestellt ist, wobei das 

Warmeubertragungselement (42) die Windun- 
gen (16) uberdeckt und mit den inneren Ober- 
flachen der Schlitze (28) des laminierten Sta- 
torkerns (14) und der Gehauseelemente (20, 
45 22) in Kontakt kommt. 

2. Elektromotor nach Anspruch 1 , wobei das Granu- 
latmaterial, das in das warmeleitende Verbund- 
Harzmaterial (46) des Warmeubertragungsele- 
ments (42) hineingemischt ist, Aluminiumoxidkor- 
ner umfaBt. 



Revendications 

1. Moteur 61ectrlque muni d'un moyen de refroidisse- 
ment du stator (18), 
comprenant : 
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des elements de carter avant et arrifere (20, 
22) ; 

un stator (18) fixe axialement entre les ele- 
ments de carter avant et arriere, ce stator com- 
prenant un noyau de stator feuillete gen^rale- 5 
ment cylindrique (1 4) muni d'un certain nombre 
de fentes (28) a la peripherie interieure de ce 
noyau (14), ainsi qu'un certain nombre d'enrou- 
lements (16) disposes dans chaque fente (28) 
du noyau de stator feuillete (1 4) ; io 
un rotor (10) dispose a I'interieur du stator (18) 
de maniere a pouvoir tourner ; 
un circuit d'agent de refroidissement form6 
dans les 616ments de carter (20, 22) et le noyau 
de stator feuillete (14), ce circuit s'6tendant de f5 
fa^on continue le long d'au moins toute la lon- 
gueur axiale du noyau de stator feuillete (14), 
et une certaine longueur des extr6mit6s de bo- 
bine (40) des enroulements (16) faisant saillie 
aux deux extr^mites axiales du noyau de stator 20 
feuillete (14) ; et 

un element de transfert de chaleur (42) r6a\\s6 
dans un materiau r^sineux (56) composite con- 
ducteur de la chaleur qu'on obtient en melan- 
geant une r^sine r^sistante k la chaleur avec 2S 
un materiau granulaire extremement conduc- 
teurde la chaleur et electriquement isolant, cet 
6l6ment de transfert de chaleur (42) recouvrant 
les enroulements (16) et venant en contact 
avec les surfaces interieures des fentes (28) du^ 30 
noyau de stator feuillete (14) et des elements 
de carter (20, 22). 

2. Moteur electrique selon la revendication 1 , 

dans iequei 35 
ie materiau granulaire melange dans le materiau re- 
sineux (56) composite conducteur de la chaleur de 
I'element de transfert de chaleur (42), consiste en 
des granules d'oxyde d'aluminium. 
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LIST OF REFERENCE NUMERALS 

10 ... rotor 

14 ... laminated stator core 

16 ... winding 

18 ... stator 

20 . . . front housing 

22 ... rear housing 

26 ... thin-plate core 

28 ... slot 

30 ... cooling liquid passage 

32 f 34 ... connecting passage 

40 ... coil-end 

42 ... heat-transf er member 

44, 46 ... mold 

50, 52, 54 ... core 

56 • , . composite heat-conductive resinous material 
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